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We calculate the C=P=–1 contribution to high-energy scattering of hadrons in the
framework of the model of the stochastic vacuum. In models, where the pomeron is
generated by a two gluon exchange, this odderon contribution comes from a three
gluon exchange and is much too large as compared to experimental data for pp-
and pp¯-scattering. In our model, where we have no quark-additivity, the hadron
structure is very important. It is shown that a natural suppression of the odderon
contribution is given by a diquark-structure of the nucleon.
In this note we summarize the results presented in a recent publication1.
Some parameters of the used model are changed but the calculated physical
quantities are rather insensitive to these changes.
1 Introduction
The possibility that the real part of the scattering amplitude increases with
energy as fast as the imaginary part was first considered by Lukaszuk and
Nicolescu2. Such a behavior would mean that a trajectory of a pole which
is odd under C and P has an intercept near one. This trajectory has been
called odderon. One consequence of such an odderon would be that the ratio
of the real to imaginary part of the forward scattering amplitude is different
for particle-particle and particle-antiparticle-scattering even at asymptotic en-
ergies. For further reference we shall use the conventional abbreviation ∆ρ for
that difference:
∆ρ(s) = ρp¯p(s)− ρpp(s) = Re [T
p¯p(s, 0)]
Im [T p¯p(s, 0)]
− Re [T
pp(s, 0)]
Im [T pp(s, 0)]
(1)
Interest in the odderon rose again when the UA4 collaboration3 reported a
value for ρp¯p at
√
s = 546 GeV which was much larger than the one extrap-
olated by means of dispersion relations for proton-proton-scattering and thus
1
seemed to indicate a large value for |∆ρ|.
The new results of the UA4/2 collaboration4 obtained however a value
ρp¯p(
√
s = 541 GeV) = 0.135±0.015 which is very well compatible with ∆ρ = 0
at that energy5−10 and at any rate leaves no room for a large value of that quan-
tity. The very successful description of high-energy data by the Donnachie-
Landshoff pomeron11 also yields ∆ρ ≈ 0.
As far as the contribution of three non-perturbative gluons is concerned there is
no reason for a strong suppression of the three gluon versus the two gluon ex-
change. In an Abelian model for non-perturbative gluon exchange12 Donnachie
and Landshoff13 have found that the lowest order effective odderon coupling,
i.e. the coupling of three non-perturbative gluons, is suppressed by a factor of
two with respect to the effective pomeron coupling. Though it is very gratify-
ing that in a non-perturbative model the three gluon coupling is smaller than
the two gluon coupling (naive expectation goes in the opposite direction), this
coupling still leads to a value of |∆ρ| ≈ .5 which is far from consistency with the
analysis of the data. In the Abelian model of Landshoff and Nachtmann, where
quark additivity is a consequence of the model, the ρ-parameter for hadron-
(anti)hadron-scattering is just the one for quark-(anti)quark-scattering.
In a series of papers14 a non-Abelian model of high-energy scattering was pre-
sented which gives a good description of the experimental data and relates
parameters of high-energy scattering to those of hadron spectroscopy. In
this model, called the model of the stochastic vacuum15,16 (MSV), the non-
perturbative gluonic contributions to the QCD-pathintegral are approximated
by a Gaussian stochastic process with a gluonic correlation length a. One
of the most characteristic features of this model is that the same mechanism
which leads to confinement introduces a kind of string-string interaction in
high-energy scattering and leads to a marked increase of the total cross sec-
tion as a function of the hadron size even if the latter is large as compared
to the correlation length a. Quark-additivity does not hold in that approach.
The different total cross sections for pion-nucleon-, kaon-nucleon- and nucleon-
(anti)nucleon-scattering are correctly reproduced due to the different radii of
the hadrons. In this note we review the evaluation of the leading C=P=–1
contribution of that model. We show that this contribution (and therefore also
∆ρ) depends crucially on the structure of the nucleon; we especially discuss
the dependence of ∆ρ on the radius of a diquark if two quarks are clustered.
2 Diffractive high-energy scattering of hadrons in the MSV
To calculate the diffractive scattering amplitude in the high-energy limit
(s→∞) one uses an eikonal approximation to separate the large energy scale
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s from the small momentum transfer scale t in a fixed gluon background field17.
The resulting quark-quark-scattering amplitude (with helicity λi and color Ci)
is very similar to the quantum-mechanical scattering in an external potential:
T (s, t) = 2 i s δλ3λ1δλ4λ2
∫
d2b e−i~q
~bJˆ
where Jˆ = <
(
[V[P1]− 1]C3C1 [V[P2]− 1]C4C2
)
>
and V[Pi] = P exp
(
−ig
∫
Pi
Aµ(z)dz
µ
)
. (2)
The quark picks up the phase V[Pi] by interacting with the background field
on the light-like path Pi. The momentum transfer is given by t = −~q2 and
~b is the impact-parameter. The scattering amplitude is proportional to s and
we have helicity conservation. The problem is to calculate the expectation
value < . . . > with respect to the background field. We do this by using the
MSV. In this non-Abelian model it is crucial to respect gauge invariance. We go
from quark-quark- to hadron-hadron-scattering by constructing as usual gauge
invariant hadrons by connecting the constituents with Schwinger-strings. For
mesons we end up with the “scattering” of Wilson-loops14 (see fig.(1)). The
meson-scattering amplitude is obtained by averaging the loop-scattering with
Gaussian transversal wave function with extension parameter S:
W[∂Si] = P exp
(
−ig
∮
∂Si
Aµ(z)dz
µ
)
J˜(~b, ~R1, ~R2) = − < 1
NC
Tr [W[∂S1]− 1] · 1
NC
Tr [W[∂S2]− 1] >
Jˆ(~b, S1, S2) =
∫
d2 ~R1
∫
d2 ~R2 J˜(~b, ~R1, ~R2) |Ψ(~R1, S1)|2 |Ψ(~R2, S2)|2
Ψ(~Ri, Si) =
√
1
2π
1
Si
e
−
|~Ri|
2
4S2
i . (3)
In order to describe baryon-baryon-scattering, one has to start from three loops
(without traces) with one common side as shown in fig.(2).
The reduced scattering amplitude for a colorless qqq-objekt is given by:
J˜(~b, ~R1, ~R2) = − < B1 ·B2 >
with Bi =
1
6
ǫabcǫa′b′c′ {Wa′a[Si1]Wb′b[Si2]Wc′c[Si3]− δa′aδb′bδc′c}
Wa′a[Sij ] =
[
P e−ig
∮
∂Sij
Aµ(z) dzµ
]
a′a
. (4)
3
loop 1 loop 2
~x
x0 x3~R1
~R2
~b
Figure 1: Two loops with transversal extension ~R1 and ~R2 and light-like sides. Loop 1
(∂S1) describes a colorless qq¯-pair running in negative 3-direction and loop 2 in positive
3-direction. The impact parameter ~b is chosen to be purely transverse and the light-like
sides are considered to by infinitely long.
α
∂Si2∂Si1
∂Si3
~Ri
Figure 2: The colorless qqq-objekt is constructed out of 3 loops with one common line which
transforms like a color singlet. Here ∂Sij denotes the loop corresponding to quark j of
baryon i. By varying the angle α we can consider different geometries of the baryon. With
~Ri we denote the radius. A baryon is obtained by averaging with a transversal wave function.
Baryon-baryon-scattering is obtained by averaging with a transversal wave
function:
Ψ(~Ri, Si) =
√
2
π
1
Si
e
−
|~Ri|
2
S2
i . (5)
We consider two classes of baryon configurations. In the first case the dis-
tances from the common line of all three loops are equal and we vary the
angle α between two loops (see fig.(2)). If this angle tends to zero the two
quarks together form a point-like diquark (i.e. an object transforming under
the 3¯-representation of SU(3)). The other case we consider is a linear structure
4
of the nucleon (see fig.(3)).
R R
r⊥
r‖
α
Figure 3: In this figure we show the star-like and linear geometry for the baryon. For small
quark distances r⊥ and r‖ we have a diquark configuration.
In the limit of the angle α (see fig.(2)) going to zero, the baryon can effectively
be treated like a meson, the resulting diquark playing the role of the antiquark.
If α→ 0 the loop ∂Si2 goes over into ∂Si1 and we have
Bi(α = 0) =
1
6
ǫabcǫa′b′c′ {Wa′a[Si1]Wb′b[Si1]Wc′c[Si3]− δa′aδb′bδc′c} . (6)
We use the following identity for an arbitrary SU(3)-matrix U
ǫa′b′c′Ua′aUb′bUc′c = ǫabc
from which we obtain
ǫa′b′c′Wa′a[Si1]Wb′b[Si1] = ǫabhW−1hc′ [Si1] = ǫabhWhc′ [S−1i1 ] (7)
where ∂S−1i1 is the Wilson-loop oriented in opposite direction. Inserting eq.(7)
in eq.(6) we obtain
Bi(α = 0) =
1
3
δab
{
Wac[S−1i1 ]Wcb[Si3]− δab
}
=
1
3
δab
{
Wab[Sˆi12]− δab
}
=
1
3
Tr
{
W[Sˆi12]− 1
}
(8)
where ∂Sˆi12 is the union of ∂S−1i1 and ∂Si3. This is exactly the contribution of
a quark traveling along line 3 and an antiquark traveling along line 1=2. The
spin contribution in the high energy limit of a quark and antiquark is equal,
namely 2sδλλ′ , where λ is the helicity in the initial and final state respectively.
Thus in the limit α → 0 the baryon can be treated effectively as a meson,
the point like diquark traveling along line 1=2 replacing the antiquark of the
meson.
5
3 Results for the total cross-section and the slope
To calculate the vacuum expectation values in eq.(3) and eq.(4) we use the
model of the stochastic vacuum. One approximates the averaging by a Gaus-
sian stochastic process for the parallel transported fieldstrengths. This process
is mainly characterized by the correlation length a and the usual gluon con-
densate < g2FF >. For details we have to refer to the literature15,16,14. The
parameters are fixed by comparison with experimental data for high energy
scattering and with hadron spectroscopy14,1. A new analysis for the different
baryon geometries yields18:
diquark star-like linear
< g2FF > 3.0 GeV4 3.0 GeV4 3.1 GeV4
a 0.31 fm 0.30 fm 0.33 fm
Table 1: The parameter sets
It turns out that for the total cross section the different geometries give almost
the same results. For simplicity we consider here only the diquark structure.
By expanding the exponentials in eq.(3) up to second order we find the leading
contribution to the scattering amplitude. This contribution is purely imagi-
nary and even under charge parity. With the help of the optical theorem we
find a total cross section which depends only on the extension parameter S
and is the same for hadron-hadron- and hadron-antihadron-scattering. The
numerically obtained total cross section can be parameterized by
σtot =< g2FF >2 a10 α
(
S
a
)β
where α = 5.20 ∗ 10−3 and β = 3.03. The result is shown in fig.(4). We also
calculated the slope B,
B =
d
dt
ln
(
dσel
dt
)
|t=0, (9)
which in our model also only depends on the extension parameter S. It was
shown14,18 that the model reproduces the experimental data for p-p-, p-p¯-, p-π-
and p-K-scattering very well by using extension parameters which are quite
similar to the electromagnetic radii of the different hadrons. By varying the
extension parameter of the proton slightly with s we obtained the right energy
dependency of σtotpp¯ and Bpp¯ up to highest energies.
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Figure 4: The total cross section of hadron-hadron-scattering with diquark geometry as a
function of the extension parameter S.
4 The odderon exchange and the suppression through a diquark-
structure
In this section we calculate the leading contribution to the scattering ampli-
tude which is odd under charge parity. From eq.(3) it is easy to see that
for a meson or equivalently a baryon in the diquark picture the contribution
of the C=P=–1 exchange is appreciable for a given Wilson-loop. Construct-
ing the hadrons by averaging the loops with wave functions ,however, cancels
these contributions. So we use now the two qqq-configurations of the baryon
mentioned before (see fig.(3)). By expanding the exponentials of the Wilson-
loops in eq.(4) up to third order, we find1 that the leading contribution with
odd charge parity to the scattering amplitude is real. We still get the same
total cross section for hadron-hadron- and hadron-antihadron-scattering but
in contrast to the leading order we find a non-vanishing contribution to the
rho-parameter:
∆ρ(s) =
Re [T p¯p(s, 0)]
Im [T p¯p(s, 0)]
− Re [T
pp(s, 0)]
Im [T pp(s, 0)]
= −2Re [T
pp(s, 0)]
Im [T pp(s, 0)]
C=−
.
The result for the two different baryon configurations as a function of the di-
quark size at UA4/2 energy (
√
s=541 GeV) is shown in fig.(5).
As can be seen from fig.(5) we obtain for the symmetric star-like geometry a re-
sult which is very similar to the value obtained in the Abelian non-perturbative
gluon exchange model13. A clustering of two quarks to a diquark with an ex-
tension smaller or equal to 0.3 fm yields on the other hand already a drastic
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Figure 5: ∆ρ at UA4/2 energy for proton-(anti)proton scattering as a function of the quark
distances r⊥ and r‖ (see fig.(3)). Left: star-like geometry (Sp=0.90 fm). Right: linear
geometry (Sp=0.93 fm). Note the different scales.
∆ρ
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∆ρ
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suppression of ∆ρ to a value |∆ρ| ≤ 0.02 which is compatible with the anal-
ysis of experiments. There is plenty of other evidence for diquark clustering
in baryons: The scaling violation in nucleon structure functions19, the strong
attraction in the scalar diquark channel in the instanton vacuum20 and the
∆I = 12 enhancement in semi leptonic decays of baryons
21. Scaling violation in
deep inelastic scattering is sensible to the form factors of the diquark, which is
modeled by a pole fit with a pole mass of
√
3 to
√
10 GeV. This corresponds
to diquark radii of 0.3 to 0.16 fm. These values are according to our model
sufficiently small to give a suppression of |∆ρ| to values below 0.02 even for
the transversal extension.
Our calculation has been performed in a specific non-perturbative model. But
since the limiting case of a vanishing diquark radius leads quite generally to
an odderon cancelation as in the case of mesons (see eq.(8) and the discussion
of it) we think that the suppression of the C=P=–1 exchange is generally due
to the structure of the nucleon and cannot be seen on the quark level.
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